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(57) Abstract: An oxide material which comprises a 
perovskite or layered perovskite type oxide and a catalyst 
material containing one or more Group IV elements 
selected from the group consisting of Si, Ge and Sn and 
having formed a solid solution with the perovskite type 
oxide. The oxide material permits the crystallizaion of a 
perovskite or layered perovskite type oxide material at a 
reduced temperature, which leads to the retention during the 
processing thereof or an improvement of characteristics of 
the perovskite type oxide material. 
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"Ultra-Thin Fatigue-Free Bi 4 Ti 3 0 12 Films for Ferroelectric Memories" Jpn. 
J. Appl. Phys, 35(1996) pl246-1250) o *r©fc«>, ftfe&^K * ffl V % 5 - K 

zm\t-xmm*tej&-r?>igi&<v%tf&^fe£ v &^m.&.wz-& >PbZr 0 . 52 Ti 0 . 4e o 3 

(PZT) <D m& , 4 5 Oti»5> 6 0 OtS*. Bi 4 Ti 3 0 12 (BIT) & 
Bi 4 - x La,Ti s 0 12 (BLT)©S&-£, 5 0 O'C^fe 6 5 0<Cm«x SrBi 2 Ta 2 0 9 (SBT) <DWs 

& y 5 o ot^e> 6 5 ot;g^^if e>^5„ 

itiMbtottTflsms*: u-rffl^fetbsflimii pt «) ©^^li^^- 

9,100 nm£lT©*«^*±W^**^^--^«*^4t),Illfb**t»0* 
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10 



hftftftft* .(«*.«, BIT*) #HRftl!:4*t5. W# 

15 SnO a ) (4 4g3&T«fc9££-?fcS 0 *UT, T?^** *t 

oT«\ #j;Ui\ Bi 4 Ti 3 0 l2 t Y 2 0 3 -SiO a fc«:H»**-C, ^o^*^ I* 
h-f d-^t «rlHB^{C«mU-C. *J*6t^ (Bi, Y) 4 (Ti, Si) 3 0 l2 £#£d 

25 ii 5 tt5o 

mi&m 1 : Bi 2 Si0 5 (BSO) ©ftfe^te 

y js^u— h (4 0 0t) JrX-^^i^^lSfe* lOOnmOBS Oj»&^ 

30 Mufc 
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*£*fc 0 Z<D&. BSOlW© Bi >+ *ST^* = r**« + T? Bi (OH) 3 

lOfty.® Bi 4 Ti 3 0 12 (B I T) ft*. 10ffi%©BSO^ 
2&.1/B I T — B SOH« (BIT l-tr/WCttLB SO^O. 4fcft5±5 
|C«<&U*:»***: R=0. 4) iZtlZfrm^X. ^«i#*T (TG-DTA) 

B I Tig$f46 0 0'CttifiK:#ttfc? , <=- KfcttJMb*-* 
-C*3 0 , JtiffbUKK V^i B I T-BSOl«lt *i*B S 

RK i *) , B SO©*IT-B I Ti&S<&»-OlfciiMbLfct> 5. 
0 0 , C*-C«^*^cfi[4^«'>i-S. B I T-B SOl^ttli, fi 

l»'>ii4 0 0t*t*#*t<, ^H^te^if^b^ftv^ BIT 

-b s om&mmz&^x. bs o^m^i: tt^s it, 4 o ow© 

ft*3, H13(C^bfc<t PIC, B I T-BSOMWB LTfciftfcJB^ 
Tf£j& bfc^fl^OE D X (Energy Dispersive X-ray) ^^ftfci:^?., B I 
T-BSOl^*«iffl^ K: 14 , #** 4" Klitt* ^>a** s K t h Z < 

£A_k<fc*K IV &7cifc<£*rte&#JfC (BSO) lr«V>§C t !) , 
p h«*5£&fc& (B I T) fc:J8V*T, £ ^ 

H*fc#]2 : V)V?iV'feK& 5 fife BI 

tf % 5II%©B I T/^^/i'Sftt lli%©B SO^^y/^^^i: £ 
rS^ LTB I T — B SOfi^S* (R = 0 . 4) ZMM Ufc 0 CI 
fl£t4, H 4 {C^-T4 5 4rfifc5>AS»«Ef5JftttlT?!feS« 

6&ml®_fcK:, Z.<DM&feWc%m\>"X . ®* fcTl/a — h (500rpra T*5#l 
— 4000rpm"C2 OtHW), (**L«K 50 < C-?2#KL (D^^E^fe (^C«C4«, 
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400'C-C5#lffl) ©-3*ie*:4|il*ft!>iEU iI5:10 0nmi:Lfco ^ 
15 (a) KliSLfcJ: B S 0©^A^| a ^Lfcti-C'fc ^ 

@6 (a) fcS5*UfcJ:5fc, MftUBSOm^T^B IT ** 9B 

5 (**<IS) (600«C, 15#fHh lkg/c m 2 ©i^^T'©RTA) 

(a) i^ti^ic fc^fct;*?-!) "C#fc. 

<c*3, tbtR©fc«>K:, 5lt%©B I T 1 M*%tf>B SO/ 

/i/^i^tii^fSlb, 06(b) (C^-TJ; B I T^lS^fc 

15 DHnm.BSOIiliafc^nmHT, £51^9Ji, 1 0 

R=o.4i*2)J;9iu^Itfc. 
so o^c-cb i T*©arAte#*iB-c#fc. *Ate»A<£*©te»* s B 

JfeL- 0 5(c) fc^-f-J: 5 BSOtB I T^fefaft^-^^S 

25 ±IB0>*fc*W:, B I T-B S OSHt KlSS^T, B SOjSl^o^*^ 

JtlBtf>»*fi, B S OJftAt© Si0 4 4 "BS®^d» Si0 6 8 "Affi#^ t* 
3g * jfc * S i & B f--r h-r?j->-tUT30%W±-^tP 

Bi 4 (Ti,si),o l2 tmt L>r^5 - t £ii9fc ttv^. - £ 

30 S i ©iBttft»i4*»6 6 ^tmb-fZ t I^D#IC, ^ft^WO. 0 4 nm*» 
0 . 0 5 4 nm-tMt5. £*M4, S i it. ^BEfllftT^tt'f 
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*X'<D 2 0 G P a tf> BE SSsJ&^TTIi^n h m&mk%0&ftfe b T 

V^Urifune, T. & Ringwood, A. E. , Phase transformations in subducted 
oceanic crust and buoyancy relationships at depths of 600-800 km in the 
5 mantle. Earth Planet. Sci. Lett. 117, 101-110 (1993)., Surendra, K. S. 
et. al., Stability of Perovskite (MgSiO,) in the Earth' s Mantle. Science. 
274, 1357-1359 (1996)., Dubrovinsky, L. S. et. al . , Experimental and 
Theoretical identification of a new high-pressure phase of silica. Nature. 
388, 362-365 (1997) ) £ t h , B 1 T-BSOlitl^^iff»^ 

ftJBEttlfc;*J©&J*K:ttB SOtBIT 

©*v*as***«*fc*fcbTv*a. o£ 9 , b so^i b i Tf/i'k&m 
tt sio t «s««lrit»Jttf*9, ^3Ksi)offc*«*»t*t<**>e>*^-c 

B^3S-f&$c£fr^ (Subbarao, E. C. , Ferroelectricity in Bi 4 Ti 3 0 12 and Its 
Solid Solutions. Phys. Rev. 122 804-807 (1961) .) b , XW,*? <D V # m & 
20 ^ V> (Nagatsuma, K. , Ito, Y. , Jyomura, S. , Takeuchi, H. and Ashida, S. , 
Piezoelectricity, in FERROELECTRICITY AND RELATED PHENOMENA. 4, 167-176 
(Gordon and Breach Science Publishers, London, 1985). Jaffe, B. , Cook, 
W. R. and Jaffe, H. , Non-Perovskite Oxide Piezoelectrics and 
Ferroelectrics. in PIEZOELECTRIC CERAMICS. 70-74 (ACADEMIC PRESS, NEW 

25 YORK, 1971).), B I T tt* 5 EE*** «T b - * 

(Ishiwara, H. , Sato, T. & Sawaoka, Epitaxial growth of strain-free Ge 
films on Si substrates by solid phase epitaxy at ultrahigh pressure. Appl. 
Phys. Lett. 61, 1951-1953 (1992).), 6&«ffi©lRttj&» & ©Jfcft Vfi^ift b 
TV* * V *IC , B S OftAtCfi 1 2 G P a @£cD*£ fcJBE*** * s 

30 ftiB$Jl5. 

HI 6 ( b ) (Di 5 ft-** K>f y ^^ifico^^, M^^^ffi^i - ^ 0 & 
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ftV^ 

ifeJ5 (b)tC^bfcB SO-B lTfe*OXRD^-^ttJ5 (c) 
lC*Lfc*Jl1*S£*>B I T*feAfcHi«fb-C, 0. 3° frhl" <0*2%*-* 
5 >7 MS?fe»-C#5. r©k-^>7 B I T-B SO^ittB I T 

ite*6&$6&&*5fc»4» 20~30GPa ©JEEffijfe#$:An*.5i&£a s fca w£ 
3»*P6*UTV^6(J. Haines et al. , Physical Review B, 58(1998)2909-2912; 
J. Haines and J. M. Leger, Physical Review B, 55(1997)11144-11154; B. B. 
10 Karki et al. , Physical Review B, 55 (1997) 3465-3471) 0 

O* 0 , B I T-B S O^fifett, HI 8 tc^-f <t 5 m, Jfe*fcietc:*5^-C, 
AnfcfcKitt* BSOti?)B i T#ffi»-e*MMbU ^£pn#Kte, BSOtB 

I T k <Dm<DmBm<D^\t^K £ *> s Bi 4 (Ti,Si) 3 0 l2 (B SO-B 1 T)@»#A S 
15 -g-ttfcj; 9, Ufc^n^^*>r MSftift 9 ^ J: o "C, 

ft (&«) I8t85:i^ *ttftft*r**K:»* - 

M-frflSJitF <t 3 ft- £ f*ftV> w k *»6>, n--f 9 J & * n-^o^V — /V, 2- 

30 ifO e fcpft5t 1 ^T? 1 b«t< x 0!)xJ*\ T^*y&*:K, Li, Na, 7/^ !J ±i 
: Ba. Ca, Mg x Sr s III Jg : Al, B, In, IV m : Si v Ge, Sn, V® : P, 
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Sb, Bi, »55*:Y, Ti, Zr, Nb. Ta % V, W, y * J * K : La, Ce, Nd « 

^^jiti^t, aTK*Lfci5K rn=^^« (*££>i) *iw#Pt?# 

OC2Hr, OH 



HnCoO-Si-OCaHr, + 4H2O - HO~Si-OH + 4C2H 5 OH 

I I 

OC 2 Hr. OH 



(2)2 tt^m&te : 

OH OH OH OH 

HO-Si-OH + HO-li-OH - HO-ii-O-Ji-OH + HaO 

I I II 

OH OH OH OH 

nSi(OR).! + nHaO — RO-li-d-Si-d-^i-OR + 2(n-l)ROH 

I I I ) I 

OR \ORV2 OR 



10 5 0 

yilMfi^I, -Tftfr^ Pb (»» WWM'llt LTg*lfef& ((CH,C0 2 ) 2 Pb • 
3H,0), Ti >-) (^tB^Jl*4^ UXf^ >^ h7-f y^DTjf^^ K (((CH 3 ) 
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2 CH0) JiK Zr (*/W=i~*iO ©«tU^V^^fF7-n-^ 
h*«>K ((CH 3 (CH 2 ) ,0) 4 Zrh Hit U 2-* Y**S=-9 J~*> (CH 3 0 (CH 2 ) 

2 oh) *m\>^xmmT%> 0 

5 ±|B«Z>-fb*AK:*JV^T, Si©nt>«3KlPb, Zr, Ti ©7/Va*V K«r»*il 

ctKitmS-^-t^Sfcfc, *i*,»ft*i: tt#«t5 (ch 3 co 2 ) 2 Pb- 

L0 3H 2 0 3H 2 0 fclfc'?**, -T fc> t> *4ft T? * CH 3 0 (CH 2 ) 2 0H fc fc*c2in*& 

fc<ZMb*N*3&tt, (CH 3 C0 2 ) 2 Pb-3H 2 0 ©Ttf-hS (CH 3 C0 2 -) ©-O** 2 

(CH 3 0(CH 2 ) 2 0-) Jd«#**>ofc CH 3 C0 2 PbO (CH 2 ) 2 0CH 3 • 

xh 2 o (x<o.5) r©tHRiS©R> Wife (ch 3 co 2 h) &x?mwtk CH 3 0 

15 (CH 2 ) 2 0Ht©i^f^ (CH 3 C0 2 (CH 2 ) 2 0CH 3 £ * (H 2 0)) Mf5, 
(CH 3 C0 2 ) 2 Pb • 3H 2 0+CH 3 0 (CH 2 ) 2 0H — 

CH 3 C0 2 PbO (CH 2 ) 2 0CH 3 • XH 2 0 (X<0. 5) 
^{C, CH 3 0 (CH 2 ) 2 0HtC ((CH 3 ) 2 CH0) 4 Ti *S#t5 i it, »T»i5ft 

20 ((CH 3 ) 2 CH0) 4 Ti f±, tO^fy^P**^* ((CH 3 ) 2 CH0-) © - *f& ife S V 

((CH S ) 2 CH0) 4 Ti + nCH 3 0 (CH 2 ) 2 0H — 

( (CH 3 ) 2 CH0) 4 _Ji (0 (CH 2 ) 2 0CH 3 ) „ (n=l~4) 
ifefc, CH 3 0 (CH 2 ) 2 0H (C (CH 3 (CH 2 ) 3 0) 4 Zr Sr^f 53§-£t> l^«I^T/W a 
25 -/V^5f&^4f 5 0 

(CH 3 (CH 2 ) 3 0) 4 Zr + nCH 3 0 (CH 2 ) 2 0H 

(CH 3 (CHj) ,0) 4 - n Zr (0 (CH 2 ) 2 OCH 3 ) B (n=l~4) 
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RO^Tr^O -O-Jb-OR 

/ \ I 
OR OR OR 

RO^Zr^O -O-Pb-OR 

/ \ I 
OR OR OR 

RO^Tv^O -0-Pb-OR 

/ \ I 

0 1 0 t£?F Lfc BSO •9*/V£r?gJ&i"2>o 

-o^ifefi. AJUT/ua^K, ***** hA^i" (C 6 H 5 CH 3 ) ( 
c 6 h 4 (ch,) 2 ) *©*»**k:*#u »^ 

f,ftt4lTA'^fK 1 ****r*** + t?. *r©**©7g-T?#fcU 

io •a•Ltv^^v^ 0 mr±x sbt <d x 5 tciEfc^-^&^J&Sr^-l"- 

^m^tfc^ Lt#ffit5 fc^fcifcS. 

5MODMia5t>otfc5#, ji/^ylio^/^^^S (-co-) a* 

fcoT. BiTC^fc Ta5&*#&£fcA0»A/;/!£^/i'*fe&?l£jfcU * 
15 ©sfifilttc Sr JftSff&UT^S, t4b*>*SI^tTV^i#x.e>^5fc». * 

_hlB©J:3K:» &WJ* LT**^£-frfc3a«*#**?&/fcfl3 BIT, 

sbt, pzT**t*q7K^*¥**«iu-c*a[***fc iv*75*-&*te**»smj* 

ffl bso**£ **u^*u*fti?»*r*. b^*^^^** 

20 Jt»i»ffi^**4: £>&-£•&**> *#l&tc#£ 5 h-t^mtm 

MZ-&> n--?*S*-A> (tbS: 0. 813) Bi 2 Si0 5 (BS0) 
//V^«tt«:R" 0. 4^iiJ-^T'n-7 P D^/-/U (Jtfi : 0. 7 9) £i§ 

* t -r -5 b i j i ,0 12 (bit) y jv jf $ & u t> <o & m & * * -t- a * & > 
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v*i*;fc owt^fcofettii, 8»; + t;:-£**bS bso t bit 

£(£>^7 i*$C(*> l!)yh/l"fK BSO: 1 0 0 0x0. 8 1 3 = 8 1 3 g , BIT : 
1000X0. 79 = 790 g d k k tt So BSO BIT 

(?D^f^Srl^V>fc 0 O^-T-itt. *JX?n BSO : 4 4 6 . 0 4 5 5, 

5 BIT:9 7 9. 5 6 X'fe 5 5> , ^^^^©^/W*^^ BSO: 1 . 8^/^? 
h/W BIT:0. 8 1*>V/!J ^ h/Wtft*. Lfc#o"C» ffl b"C R= 

0. 4<0»#^^^ r A-*ift*f1 ! *-t-S»^» BIT # 1 IcftUT, BSOtfO. 4 
©Ms*T?»'fi'i-5©-C*>**»fe, BSO //V^^il 5 0ml(CBIT 
mifcZ 8 5 0ml gsAPl-tbkK £ lC&$ 0 

10 *7c, **u^*b<Z>&ifcte, ««-fr^ll»TbfctOS:ffiVN5ii:^»*UV^ 

.kttfclWttUcPlftLfc 5lt%OBLT^y«t lSi%®B SO 
£PI#K:IS6 (a )Oj$Jg£r?£j&Lfc 0 
20 *3<9 % B SO<0tfs/B#*m&LTV^£V^i##i6>S. CO^^:, 0 1 3 \Ct£ U 
O k B I TO*? h E7 — ^ *^4ilUT#^ET?t t£ <^>9,I2I40J;p Jfe#3g4r 

mmm 3 

30 BSO-BiJi,O l2 (BITK BS0-SrBi 2 Ta 2 0 9 (SBT)Rtf BS0-PbZr o . 52 Ti 0 . 48 O 3 (PZT) II 
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mmm 2 k o-r ,*b*#**w«p itii^f^T vt^mmwnm 
K&m bit, sbt, ?z-immtto*&**mw\*xf&%itifi&7 u 
auss^^ffl bso *ii?^iatja^t5. 

^y/HC$3^5 BSO^/V-gPfr**** BIT, SBT, PZT * *U*ftlCtt U, 
5 HsRf-0.4, 0.33, 0.1 t Lfc. fc*3, >HiflS**IMft*© t» © ^ 

fclc, Pt/Ti/Si0 2 /Si**R±tC iie^A-y^a^****^ 3 - 

i98*U yTC^tttWlfc, Btfffi^T lOOnm t Ufc 0 

10 ®^t'y3-F (500rpn-C5 5^M-»4000rpm"C2 0 #Mh 

50°C-e2^^> OiRJfcfifc + , 400°CT*5^Ffl) 0-iiim£4lE]$i«9S 

U ^T, <$ftj£ (Sfeftfc) (450~700t, 10 WttORTA) * 

fro fdo 

|U i 4 14,^15:^^*^4. 0 O nm©«B I T^^* 

15 i^BSO-BIT (R=0.4) O XRD — ^ T? fe 5 o 

BSO*»*nufc bit tt, 500^CT*<b&& tttt*tt«r*bfc. - 

BSO Sr"^" S 'fc V N BIT 14 700^1 T? t> BIT <DM- ^ £r4# £ ^- £ f4"C # "f, 
JfesAJ aTJl(Bi 2 Ti 2 0 7 ) £ BIT bTV^ 31 £ 

ei±^b> ^fSBJl- £ 3 BSO 3£*n BIT te«£*CO BIT tM2g?U-C^ 2001CO® 

£fc, BIT £#3§9H-4 5 BSO gf&ftn BIT ©*ffifcjglSrfr o ^ - * » * 

3fe O BIT f* , 600^C t? tt (5 <b A/ <t* A lb tr - * » JB. b ft V MCb e> -f , 

*#Kl«^fcli*1Bft1»t?*>o*:©lCi*L, BSO S&ftD BIT 14, 

515© BIT {4JS£ 5nmfeM<DT^J\'7 7^m<DfcfefrTfeW>&fot^&^&W^& 
5 BSO SsftP BIT (D^mXT^'V? 7 ^i^ftt,* < , ft&fc Ifffifc 5 * b T V* 

i (4, W#©3Br**«©«1ll*A< ^ LTV^ 0 

30 o£ 5 , fj£* BIT H 1 5 (a ) fcSM-J: 3 K:, Brr*&flfcJJIB#l±£ 
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*3691<0 BSOM BIT tt, Ull 5 (b) fc^Lfc* 0 feft^© 

3&S^#V> (Kijima, T. & Matsunaga, H. Preparation of BiJi,O u Thin film 
on Si (100) Substrate Using Bi 2 Si05 Buffer Layer and Its Electric 
10 Characterization. Jpn. J. Appl. Phys. 37, p5171-5173 (1998) ) . 

Sfc, HI 1 6 to XRDX^-^t-^bfdi 5 1^55 Otf 1 0#R8©#Bf&& 
fTofcBSO**nSBR<R=0. 3 3), 4 5 O «Ct? 1 O »IU**«r^o fc BS0 ^iP 

pzt(r=o. i) tcpu-ctj bit iin^icjfe^>fk?a«©^S:^®*^^ D ^ 
^ttom^k, *&wk£z> Bsomz bit, sbt, pzT»»m*iE#«it4- ; tH j e^ 

5fc«> BIT, SBT, PZT3feg|«fl£|»l8lt-^bt:, 1 5 0- 2 0 0 e Ca£*>i£V^$ 
^5fe^e>0 BIT, SBT, PZT 3fc^ 0Eff 10 0 nmt?(4, ^©fc 

*> * ttttfg T» £ ft ri> o 0 

#fc*Ufc3IM0itt J WM&W\ 5 0 0 < C©BSO»BITd5,^@5>^Pr=17MC/cra 2 , 
25 fetm#Ec=95 kV/cm^^U, 6 0 CC© BSO Ss^P BIT , SlW^Isi Pr=21 m C/cm 2 , 
£n;tt# Ec=95 kV/cra £tf Lfc 0 5 5 0 X,to BSO fflSftP SBT Pr= 7// C/cm 2 , Ec=50 
kV/cro, 6OOt©BS0 itt SBT tf* Pr=llM C/cm 2 , Bc=60kV/cm £tF L fc 0 * , 
4 5 Otl© BSO ffitiU PZT # Pr=20 u C/cm 2 , Ec=45kV/cm, 5 5 Ot!© BSO $jS#P 
PZT /5 5 Pr=25 p. C/cm 2 , Ec=38 kV/cm Tfc o 7t 0 

30 _bffitt*a»e>#a»<5 «fc 5 #3§RJ!<£> bso srgsjta bfc3ft«l«<**t*ff*. 
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% iookHz ©v^^mjffcBianL-c io ,o ia]co#&R££*To*:£: ^ T<D 

tt£^bfc 0 ;o^lt A#fcttftttu 

*«flic±5 bso bit fcne* bit -e b b tyl^^^^fiW 5 

iCXV^SCttt, M#CD TEM »r®&CO&£Uc £ 0 S?>W*5, 

BIT "0*4* BIT CO c 2 AT-fo •? , HI 1 9 CO'<^ <0\& b & < 

*3§PJlC0 BSO BIT Ji, BIT CO c Mft^ 3 lAiSK&oTV^C 
ttfiftfrZ. BIT H + ^lft^jRASoT^fei", 

(c±T(cXi/$:4CTio 9 % Xuol^i: BSO j^A 19 aA/tfft*lftiiii s *B 
20 T*#3o BSO CO c teStt~15A-X?fc 9 , |2 0©/Wf-?il^- 

J^Jz4 9 , #36 W fc J: -5 BSO Ss*P BIT [4, El 2 1 CO 4 9 *#3ft"C*> 2» £ £ * 5 
^ot.I©:tli,B SO^b I T©H*ftfc«rte3£b;fc£. t co SE IS T* £> 3 = 

3l£tcffi/13 Lt^S^ii Pt g*£t^K:ig®#7k¥T|IDrilco&^<bcO{4 

»&1-*t>ro#-»bT*j&SoTj£*bo^l*S;: ktt\2b A/<t*ft< 
30 *fttt©»#-T?tt»j*«#**tf btizzb b fc*. — *|gejcoititT*fon 
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»-fb^^*^^«1-^tf (BS0*S^*i"*b«). BS0*S BIT 

* fc s m tC i 6 Pt/BIT/Pt * ^ ✓< V 9 * , 3 %H 2 fcllr^ L fc N 2 f ~C 400<C 
15 -e7-^;ptfci:-5, 02 2 ic^i" J: 5 (£&#?&3E7t;lt'l4 : S::^ bfc 0 r oc> r. 

BIT (C*3ltS B^^T h Ti <S>-g&a s , ^*Pbfd BS0 * <D Si T?g&£*b> 
BIT ©**Jif#tt3iS9ll*ofcii:#«Hi#*.b^ BiT>f hS&Xtf BS0 t 
©@}§©*£^> BIT co c lA^^^-fbUfe t © b^Z-btiZ>o 
*&W^£Z> BS0 t BITO@^*?t^f4, £*©Si*ratrr.fc*sW**afc 
20 ^£ fco"C*£*ufco-«!fc si Sfe^*b#S© Si 5c**«!ftll«fr* r t»R:*tlk 
ti»)IAtfc^, ;mra£^*fc»AbTV*fc< <t ifclfc Si a* J> - * 
«**So**oU8i t tffcifeJxT^So -J&lc Pt 

iliiSttLfc Si Pt £ Si <0*#tt*l*]± K 

200nmm*©l£#Hb Si0 2 ll£lT'3gV^ SiO, J«t±#*fcSfeffiT?& S • - 

gt<flcteftScLT< ZZbtemmthZ. 5Efc^*BITO*i^> «fi£ 700°C 

ttfgtttiettft'f'fctt Si ttfetUTV>/j:^ct flS#»»6. 
Sfc. *»H3fc<fc 5 BS0 £ BIT oiliSf*:f*l*r4, #fi© Si A> T? 

30 ScL7t fcOT'tefc< x BS0 *<D Si *i^*fRli 5gMV^t©tfc!5 % CIO 
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BIT-BSO mmfcW&RV BIT- Bi 4 Si 3 0 12 m&fcWf&0 < &&X>® 

10MM%&&V> BIT /;v^«(^t, ion&%m&<o Bi 4 Si,O ia J//^ 
R=0.33 ©«^t?«^fc*fc»*^*** BIT " Bi 4 Si,0 It H##»J* 

yT©«^iaO, 100m ^J*J*Lfc. 

® x fy 3 - h (500rpm-C5JblH-»4000rpm-C2 O ©fei (^ c f> 

150«C-C2»M, (**L«K 400^ t? 5 ^M) <*>-iiX*l £ 4 ISM «9 as 

io D«v>t, (*rftfc) (eoo'C, io #|H, tinoRTA) £*?o 

fee 

- <Z>f!#<75 XRD 2 3 IC^-T. ±!3^i£^JT*^t!}Ur5i R=0. 4 

BIT+ BSO, t*63|5<£> BIT <£> XRD z^^ 7 — ^ % ffl b X tfcWt \^ tc „ #3§ £ 5 

Bi 4 Si 1 0 I1 *JPBrra^BIT + BS0»4«*a*«r6 OOttU ^3fe©BITtt7 

15 0 oti tfc, 

*3§eHtc£;5 Bi 4 Si 3 O 12 ^J0BIT&tf BIT + BS0<^^ BIT Jfctfc L 

tit©f-^5^|t->7 Mtfe!), Bi 4 Si,O I2 Ss*0 BIT S.T>* BIT + BSO 
JfeftttBIT tHs«EbTtt*^*^8% (2%X 2%X 2%) ©*ffi^^tb"C^ 

20 v^5„ 

SnO 8 ,Ge0 2 ^©*ilTlc:i3»-J-*EE*6*lftfe*(B. B. Karki 
et al. , Physical Review B, "Ab initio studies of high-pressure structural 
transformations in silica' 55(1997) p3465-347l: J. Haines et al. , 
Physical Review B, "Phase transitions in ruthenium dioxide up to 40 GPa: 

25 Mechanisum for the rutile-to-f luorite phase transformation and a model 
for the high-pressure behavior of stishovite Si0 2 " 48(1993) pl3344-13350: 
J. Haines et al. , Physical Review B, "X-ray diffraction study of the 
high-pressure: Relationships between structure types and implications 
for other rutile-type dioxides" 55(1997) P 11144-11154) ) frb. foWimtt- 

30 8 %aj*ffitt£;h/5fctt\«t£#:tC 2 5 ~ 3 O GP a 
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*fc, Bi 4 Si,O lt iSaP BITOb^r'j^^i^Uct^, BIT+BSOfc 

Bi 4 si 3 o 12 ^sn bit oi*»»tttM - 5ao 10 iH]o^*is:te^*5VNX, 

Jt3fcLfc**«fc:l8V^tt*fc**#*& 200'C<6J*bfcOtt % Bi l Si0 5 (BS0) 
©HfcJMbtl*** 400^ fc<S< BS0te^P*<DB i KSfc AB0 3 fc5 

V * » (Bi 2 0 2 ) »♦ -*» b ft 5 n * * * -f h K fc* * * ■ * 

* ji &m&&m m& a* & £ fc-r 5 $J * K <fc 5 t © X 5 o 

si-o tt#*r * sitt^*7c*-ettftv^ia»D 

-CfcSdS, Ti 4+ © o.75Atc*j-b Si 4+ te 0.26Ai#?irtJ:/h£V^it>, Si 4+ £B-^ 

^©H4te-WK:*3V^-Ctt. B iJ-^r W ^-v«r Si T?ttft < , 13*56* Ge t? 

Steffi lOOnaPt Si &fa*m\r\ Bi 4 Ge 3 0 12 * 16*£tf Bi 4 Ti 3 0 I2 -/As? 

lOOnm t?»Hl3#J^ Lfc 0 

(T);*^^^ — h (500rpm Tf 5 #FpSJ-*4000rpm T* 2 0£)>f^K (*^4\ 
150^X2^^, 400<CT?5 &m) ©-iiie*4llllfc0 5g 

U ®mf& (tirAfc) (550T3, 30 #RSK Ife**-C©RTA) £?To 
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R MAX {i 2. OOlrnn "Cfc D , Ra 14 1. 5022n B #*|C A#ft 

ftj* lOOnm © Bi 4 Ge 1 0 lt -Bi 4 Ti,O lt *«*#««©*»« < l**®W**« ofc - 

O o 

t&&1»o1t. ^oT. Bi a SiO,fcW*fc % Bi 2 GeO,*ffl^5 

Bi 2 Si0 5 (BS0) t Bi 4 Ti s O l2 (BIT)S.^Bi 2 SiO s (BSO) h SrBi 2 Ta 2 0 9 (SBT) t <D®mfc 

n-^ , a^/-/U*#Wtfci"S LSO /A-^/U#*tr R=0. 4 ^*P bfe BIT 
R=0. 33 $siP bfc SBT £r , Ztl^tl 25nm, 50nnu lOOnm flgj?-?:* k° V =» - h * 
15 tci; 

BSO £ R=0.48s*Pbfc Bi 3 . 26 La 0 . 75 Ti,0 12 (BLT) ^//l^/V&ifcSrffl V^T, 
10nm ©&?$JISIfc£I^B#{c*Tofco 

© ;* V => — h (500rpm t? 5#ffl-»4000rpm "C 20 #H9K (^^v*. 

20 isotc-t?2#wk (*^4\ 4oo<c-? 5 ftffl) ©~3Sxm«r 4 IB* D 51 

U ©fefefig, O&JMb) (BIT: 550^ SBT : 600<C. 10#IW, B^^f 

ORTA) &frofc 0 

25nm 1 Hi >3 , flUff 50nm <DWi&i± 2 021 0 , lliff lOOnm ©^ 

4BSfc9*: J ?Tofc. lOnmBLT lS^T?, ^-O^B#©lsI*5 

25 $c& 7000 EI tele KfebTftMRb fc 0 

tttt-C, _klBHilS0(JfclSJ«l!:, _k£|5Ptffi4l (100m mo) Sr?g*fcU P-E k 
y i/^«|#tt*ffflfi bfco El 2 6&tf|g] 2 7 m^bfccfc 5 Kl, &#fck *x 

12 2 6 tc^bfc «k o *5i©Pn*pm# 500kV/cm £Rl2)P bfcl&©k *T V 
30 ->^#tt{4 BIT ©*§"£-> Pr=15~18jz C/cm\ Ec=~ lOOkV/cra, SBTO^-g-, Pr= 
~lljiC/cm\ Bc=60~70kV/cra i: — §fr£ JLitfco 
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26n.fc*U **,*f;Mft*BE li, BIT©i§#, IV, 0.5V, 0.25V, SBT 
0.7V, 0.35V, 0.2V ilBlEfflClitfJt^JUT^^b-CV^wt^^^Si 

10nmBS0-BLT©t^yy^»tttrB2 8lC#-r. 0. 5V 1? 

5 ttfdUTTiSO, Pr=16MC/cm 2 , Ec=100kV/cm, 0.7V Mfc"? Pr=17 M C/cm 2 , 
Ec=120kV/cm€r^bfc o 0*9, J¥ * lOnm <Z> BS0-BLT £r.ffiV ,, <5c\cb"C 0.5V 

LO £, Mbit i? 9X<DMM&fc**y <Dlt#><D&®&ft1&ftl&* l '&btlZ>o 

T <D -Clft A * s 55 5 «J* *> 5 . * t* t> -# -ttt © # ® «r » » 

15 iv«5G*^*»«*K©ffl#*©*ftifc<fc 

bit //v^^ti: LS0 £ R=o. 2 Ssio Ufc^/^^^^^^^—^^x $ fete 

-e r. frh BSO y/^«i»Lt,R=0. 2(BS0=0) ,R=0. 4(BSO=0. 2) ,R=0. 8(BS0=0. 6) , 
R=1.6 (BSO=l. 4), R=3. 2 (BS0=3. 0) t 5f«©»^ , /*^*«*:fl 5 J*l'fe. 
Pt/Ti/Si0 2 /Si g^Jbtc, ±|B?S^V'A'<J'VPi§#t£JSv^, ^T©fifel^^# 
20 {c £ 9 , ^ ifya- hifel- «fc t) 3ft«*#?*»lE«:?l*/*ufc. 

500"C, 10 &Mk L, ^««^T lOOnm t Lfc„ 

h (500rpm T* 5 ?>Rfl^4000rpm T* 2 0#fl), ©KIS (^1 3 > 
150°C-C2^^, ®<R«6J* 400 < CT*5#|lfi) ©-Sli^ 4 Sift 9 3S 

25 u, i^t, <$ttj& (ftfrJMb) (500, eoo, 700<c, 10 ^tt-©RT 
A) £tro /c 0 

R=0. 4 (BS0=0.2) O BIT )Sl£> XRD — HI 2 9 fcl^ b fc «fc 5 Kl, 

500 o CT'fe^ B <b^-frfe 5mm<D BIT * ^> * <D t * 7 1 y HI 3 

30 0 ic^i" «t ? tc, RCJf^KiRJtWUT Pr^afc^i-SJEflsSr^U*:. 
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w**< fcs*»e> 

*3693KlJ:S BSO, LS0£»lLfc#^ Ec&tfPr fctt*©ttfc*JWi- * - 
jfcfcl, PZT (Zr/Ti=5 2/4 8)icttL, BSO * R=0 . 0 2 5 . 0 . 0 5 , 

o. i, o. 2 tmM^tc^^mm^^w\^^tc 

®^ tT^a— h (500rpm X 5 #fig-*4000rpm T? 2 0#R£J), ©ife^ (^^ c t 3 , 

i50°c-e2^ra, 4oo«c-c5^W) ©-iIim£4iEi$!9i£ 

lHHOOnmafc. fc^T, ©ft ft (tfrAfti) (500<C. 15 £NK 1 
hT (500^, 5 1 kg/cm 2 2 kg/cm 2 4" T*(ORT A) 

@3 1l^ L/C XRD/-?^-^«t 9 . t>-f R=0 . 0 2 5© BSO <omMX& 

t t.'t V i/xftte.*Ml£Ll£k d*>> BIT Ntt, jj&*n#fc: J: 
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t ^ y @32©i5 IC**** i *> d t tt PZT BSO * 

^^«r^bfcT^^7T^BS0i:U-CfiJffl-r2>fe«>^fc^o 

****IC*SV^-Ctt, «H«t«Htfc**lil»«*®BIT, SBT&tfPZTt 

*u ufc 0 *»cpt/Ti/sio I /siafcs*«v^ ±ms»>?»®m* 

ffl^TEJlTO«^ia!), *tTl/=i- hfe-Cjft** 20nm L> 
tCo ZfrZfriDm&^frfctt. BIT # R= 0 . 4, SBT & R=0. 33, PZT # R=0. 2it 

®^.t°^=»— h (500rpm "C 5#RB — 4000rpm t? 20 fj>WK > 
150«C-C2#WK 400^1? 5 #|BI) tf>-igl@£4[l]3£<9ig 

tiff l 0 O n m t Ufc 0 ®4M (HAfti) (eOO'C. 15 #|HK 1 kg/cm 2 

(500^ 5#M, lkg/cra 2 X«2kg/cm 2 g?^4 1 -r^RTA) £«Tofc 0 
CtOB#, #e>tbfc»fflttt^T«fl[ 70nm © J* fl I* T? ifc ?K HI 3 3 ~H 3 5 IC 
30 ^bfcJk0fc3ftW* ! MH4*^Lfco 

5 
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5 fii%M <» BST «/;Vy/V^I^L, 0. 1 ®*%iH&«> BSO //uy^ft 
20nm ©|ffilSr?^^^^-o 



20 



®*fc'V=>- h (500rpm-e5f>ra-^6500rpmT?2 O 8>M) * ©tt* * 
150'Ce2»M, ®«*flfc 400*0 T? 5 £IB) U «vxr, ®«A (* 

(600«C, lSftNU lkg/crf»*ft©RTA) fcttV^ _L^&&«*i 
FT--*' (500^, S^FI, 1 kg/cm 2 Sfc^ f t? © R 

10 TA) SrtTofCo 

tmmx- * , it^ftfts 36©in-fcofc 0 eoo t 9 m 

fcfc, 2 fi*%?&S© Bi2223 0.3 »S%&£© BSO 

(D* If J/ a — h (500rpm-e5|>ra-»4000rpmt?2 Of>ffl), ©tt& (*^. 4 1 , 
i50«ci?2^M, ®&mi& + » 400 , CTf5#W) L, <D&/& (*S 

JHfc) (700<C, i#IHK lkg/cm 2 I£^f -?©RTA) Srfri^ Ji*B6&««& 
JfcjfcU, •t«#^FT = -/l' (500"C. 5 #|HK 1 kg/cm 2 ll + t©RT 
A) £rtr ofc, 

© B#> »feiLfc«tJ|C 15nm ©&J&f*, 121 3 7 lC^i~<t 5 IC Bi2223 #-*B 

25 ^iSM^i^fe'fc. 

BST te&Ufctt DRAM © Si0 2 fc^to*y- HlftittWi IX»#^, ^ d 
10 £F£i.-kW3K/$ s f^tt bttT % 7h(Kazuhide Abe and Shuichi Komatsu, Jpn. J. 
Appl. Phys. , 33(1994)5297-5300)^, Ba 0 . 5 Sr 0 . 5 Ti0 3 (BST) a -? * * 4 hSiitt 
mW,tett®%.t* Bi 2 Sr a Ca 2 Cu,0 x (Bi2223)5Se^^^^*t^^*5V>-Ctt, 
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@38 (a) K7jkLtc£?\C, Ut 1.8m*©7^77^ Si,N 4 & 

I^JPtt 150nm t bfCo 

5 zfrX-etWimz. bit ✓/wy>H»*fc Bso^y/M** (R= 

0. 4)^®^yn-h (500rpm X* 5 3HB-4000rpm t*2 0 #f?H) . 

+ , 150«C-C2^M, (SHRttlfc <**t«K 400"Ct?5^IW) cr>-3gI1§£ 
3 HI* 9 SSL* ^Vn-C, (fcftte) (500=0, 30 #|BL 1 kg/cm 2 

12 4 0 ic^i-J; p teJMGPfc^ K«Mi## 

fcfc, «ct UTe»»<b*«rl»*U*:J|ttt* Si (10 0) 2£te*rffiv^ 
^(OjiiC SBT y/U^/U^^t BSO ^/Vy^^?R<b ©^-^^^ (R=0. 3 3 ) & 
(J) ^. t° > =i — H (500rpm -C5fJ>M-»4000rpm-C2 0#MK (Dffc^ 

15 i5ot:-e2^iw, ®umf& (*^<k 4oo < ct?5^iw) 30^071 

ttV*T* (ttftflS) (BOO'C. 30#WL lkg/o^ii^tWRTA) 

^£T% 138 (b) \C7Flr& 5 * Al/BSO-SBT/Si F?y^;?^M 
20 Ufctw3,l342,ll!43 (c^-TJ: 5 IC&fr# h 9 i'S?* ftfc. 

-y- ; DRAM^MM I CJB % !£f§m&7^-l' *X 

V % MFMI S-FET, MFS-FET^t Ut^ffltS 

s e ::-e«fflt5: # t? # 5 2£« fi , •>!) =>^, $ j*s$<D%m* 

30 SJjM*, GaAs, ZnSe$£<D IbS %0 Pt ^£>&J£g*R, f" 7 

7-fT»*£, MgO SrTi0 3 , BaTi0 3 , jtf ? * Jfc**f©l6»tt*fc**asaJfelf 
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5 Ir0 2 , RuO,*©*fc**«*, TIN, TaN *«>*<b**« 

**©*jMxi**Ji*#*tf ***** «*■* i 0 0 ~ 2 0 

««l»ffiii2, sio 2 , siA^fc^o^i-Sifc^-e**. **■ 
mocvd&u w-f-r^M^ay^ y 9 ^m-vm^-t 5 r. 

<b /5S T* # -5 o 

tj-5KJit;tt*BfeJh-r5-fc« s "e**- C;ft,K£>9, ^o^*^ hXfiJftf:^ 
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0i5)fettlttIft^it4mtJ | «*li»**t6'^^*>f 
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^^^^ hXttl^nr^*^ htMMC, Si. OeXWSn* 
T & S c h * h f £ 1Mb «j*m c 

Si 4 \ Ge"Xtt Sn !t £^trlt#«2 £»*©#**. 

4. ^ n * * hX(iI«^D7^*^ n^ift^*^ AB0 > - 
(Bi,0 1 ) ,t (A.- t B B 0 3B M) 1 - + . AttLi\ Ma\ K\ Pb'\ Ca»\ Sr»\ Ba'\ Bi>\ 
Y 3 \ Mn 3< ^t>* La 34 *>S>&3i¥fr £>itiR£t\,3 1 IXii 21^©^ * >^ B 
Ru 3 \ Fe 3 \ Ti 4 \ Zr u . Cu". Nb 5t s Ta 5 \ V 5 \ W u St>" Mo"*» 5> * * S> 

HXtt21ttJ:0'f*>»il4 1 WJb© LnBa.CujO,, 
Z,Ba,Ca i .,Cu.O, i4 |Xtt ZBa,Ca i .,Cu i O, i « (5£«K Ln tt Y. La, Ce. Pi\ Nd, Pm. 
Snu Eu, Gd. TK Dy. Ho, Er\ Tnu Yb Lu *> 6 & £ 1* 

x(4 2itt±©'f*>x ztt Bix ti Hg a* e>«ft* ft* m*. 

tt2«W±©-f*>s nfcfcl~5©S*RStT?**o) -C»Dx 

ftfe^tJH*s s CaO. BaO N PbO, ZnCk SrO, Mg(k Fe(k Fe»0 3 . B,0 3 . Al,Oj. In } 0 3 . 
Y,0„ Sc 2 0 3 , Sb,0 3 . Cr,0 3 , Bi,0 3 . Ga,0 3 , CuO,x Mn0 2 . ZrO„ TiO,. MoO„ W0 3 . 

v,o s sv? j << KKft&#& ft* 1 mu±<o^<bmb 

SiO„ GeO.Stf SnO,/pe>***f*e>a^$tt* 1UU±0 IV m7c3S©SMb$J 
fc^e* & ^ft-^-^'fb^^^t-fe &flt;K£ 1 ~ 3 o^1*n* 1 oCIB*©****- 

5. X,Si0 5 , X 4 SijOjj. X,GeO s . X,Ge 3 0,j, X,Sn0 5 X»SnjO„ 

(5$*. Xfc* Ca 2 \ Ba 2+ , Pb 2 "\ Zn 2 "\ Sr 2 "\ Mg 24 \ Fe 24 \ Fe J \ B 3 \ Al 3 \ 
In 3 '. Y 3 \ Sc 3 \ Sb 3 \ Cr 3 \ Bi 3 \ Ga\ Cu 4 \ Mn- 1 \ Zr 44 \ Ti 44 \ Mo e4 \ W 
6 \ V s \ La 3 \ Ce 3 \ Pr 3 \ Nd 3 \ Pm 3 \ Sm J \ Eu 3 \ Gd 3 \ Tb 3 '. Dy 3 \ Ho 3 \ Er 3 \ 



37 



WO 02/32809 



PCT/JP01/07619 



Tm 3+ , Yb 3 \ Lu 3+ ) -C***uStt-i|*T?fc5I»**4JC|a*<Z>*i-». 
5 1:0. 0 1~0. 80*/Hb-CH«b-C*5lf*4[l^lB*0*tWo 

10 

15 9. Li. Na, K, Pb, Ca, Sr. Ba. Bi. La, Ru. Fe, Ti, Zr, Cu, Nb, Ta, V, 
W RXfi Mo ft* 2l»J:©il7^^-> KXtt#«Mfe 

Ca, Ba, Pb, Zn, Sr. Mg. Fe, Fe, B, Al, In, Y, Sc, Sb, Cr, Bi, Ga. Cu, 
20 Mn, Zr, Ti> Mo, W, V, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb&tfLu^bft^P^biift^S imU±<V&mt Si, Ge&tfSn^ 

25 

1 0. AB0 3 , (Bi z 0 2 ) 2+ (A B -,B B 0 3B+1 ) 2 - (At s AfiLi\ Na\ K\ Pb 2 \ Ca 2 \ Sr 2 \ 
Ba 2+ , Bi 3 \ Y 3 \ Mn 3+ &tf La 3t /0> ^ ft 5 it#l £ Jl- 5 l*Xtt 2®^±<D-T 

Bf£Ru 3 \ Fe 3+ , Ti 4+ , Zr 4 \ Cu 4 \ Nb 5+ , Ta 5 \ V 5 \ W 6+ &tf Mo 6+ tf> h ft 5 
f^feiS^frS 11X11 2iUli^ 3}-^, m fit 1 £*_Ltf>i&$cefc2>o), 
30 LnBa 2 Cu 3 0 7 , Z 2 Ba 2 Ca n _,Cu 11 0 2 .v4 X 1* ZBa 2 Ca tt .,CuA»^ Ln fi Y, La, Ce, Pr, 

Nd, Pm, Sm, Eu, Gd, Tb, Dy. Ho, Er, Tm, Yb &T>* Lu & ft <bi§*R. £ 
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tb5 l«iXr*2«eJl.fc©^a-^ ZttBi. TiaVHg*»b*S#*»6>»***«' 
5liX«2lto^^^ nttl~5©B&#T?*>*.> ^*f'* AjB 

5 CaO. BaO. PbO. ZnO, SrO v MgO, FeO, Fe 2 0„ B 2 0 3 . A1 2 0 3 > Y ^ Sc *° 3 * 

Sb 2 0 3 , Cr 2 0 3 . Bi 2 0 3 , Ga 2 0 3 , Cu0 2 , Mn0 2 , Zr0 2 , Ti0 2 , Mo0 3 , W0 3 , V 2 0 5 S:^7^ 
9 J 4 K*tete*» l«»±OBMb*t Si0 2s Ge0 2 #; 

10 ffl^^^f&o 

1 1. m-g-BMb'&tfS, X 2 Si0 5 . X 4 Si 3 0 I2 , X 2 Ge0 5> X 4 Ge 3 0 12 , X 2 SnO s S.t^ X,Sn 3 0 12 

X » Ca 2 + , Ba 2 "\ Pb 2 "\ Zn 24 \ Sr 2 + , Mg 2 + , Fe 2 + , Fe 3 \ B 3 \ Al 3 \ 
In 3 \ Y 3 \ Sc 3 \ Sb 3 \ Cr 3 \ Bi 3 \ Ga 3 \ Cu 4 + , Mn 4 + , Zr 4 + , Ti 4 \ Mo 6 + , W 
15 • + , V 54 \ La 3 \ Ce 3 \ Pr 3 \ Nd 3 \ Pm 3 \ Sra 3 \ Bu 3 \ Gd 3 \ Tb 3 \ Dy 3 \ Ho 3 \ Er 3 \ 
Tm 3 \ Yb 3 \ Lu 3+ ) T?*$tbS»'fb«B-e*>5«l3ft 3 « 1 0 Kl1B«fc©»*. 

20 ^So 

1 3. 3£lR_kK:, T»«ft, ~ 8 (D^-Ttlfr 1 oK:|Btfc<&HMb4fe*t*l' 

25 14. *MH*aME.fcK:, It 5ft* 1 ~ 8 OVN-ftl/^ 1 ote|B*t©Ifel'b*J**"#l*R 

® c - m <d * tt * a * m & % j* $ tv x w ^ £ *b $ * ai & m * . 
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9 



PbteHaCQgh • 3H2O 



r.TT<,o(riH-. ) gQH 











7 J r(0-n-C 4 Fo^+nH a O(CH 9 ) 2 OH 




+ — 


rw(n.j-n 1 ,H 7 V-nw«ofCH^ 2OH 




r 




1mm 


Hfift 





TT ^O+CHaCKCHa) 2OH 
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1 0 



Si(or,7Hr,)d-t-4H20 



r,HaO(CHg)iOH 











T^(np.,w f5 ) ! ,+r J H H o(CH2)20 




m — 
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T^O+CHsOCCH^OH 



Bi,SiO.VLH/gM 
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1 1 



Sr CH3iCH2kCH& 3 c ,0»JH + CEMXCHabOH 



M T fl fnn.>H s ) a +CTT a (r J H^ a CH(c ,Hr,)C02H 



^ Bi(fiH»(QH a )aCTTfC a H.OCO«)» ± C fi H*(CH 3 )2 
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